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1. The 11th Annual Gas Turbine Conference was sponsored by the Gas 
Turbine Division of the American Society of Mechanical Engineers with the 
cooperatior of the Swiss Society of Engineers and Architects. The Con- 
ference vas held between ll» and 17 March 1966 in the Kongress Hall, Zurich, 
Switzerland, The intent of the ASME Gas Turbine Division was to present a 
world-wide spectrum of products, components, materials, and technical 
information vital to the gas turbine industry. 127 authors presented 87 
different technical papers in 22 separate technical sessions during the four 
day period. At the same time, 76  exhibitors from the U.S. and European 
countries staged a very large display of gas turbine equipment and components. 
The meeting of over 1,000 American and European engineers marked the first 
time thät'ÄBME has"held a regular meeting in Europe. 

2. The 87 technical papers were divided into 10 groupings. The 10 
session titles were: Large Gas Turbines, Marine, Closed Cycle Gas Turbine 
Systems, General, Jet Expanders, Combined Cycle, Special Equipment, 
Metallurgy, Small Gas Turbines, and Noise. All of the sessions were ex- 
tremely well attended by the conference registrants and, in general, the 
discussions following each paper usually provided a platform for sharp 
comments and detailed analyses of the author's work. A complete list of the 
technical papers is attached to this report as Inclosure 1. Special papers 
in the Army area of interest are summarized in the following paragraphs. The 
complete proceedings or individual papers are available through the ASME 
Order Department, 3**5 East l*7th Street, New York, New York 10017. The cost 
of each paper is 75 cents to members of ASME and $1.50 to non-members. 

3. Many of the papers which were presented are in the U.S. Army area of 
interest. A brief resume of some of these is presented here. 

a. Military Potential of the Small Gas Turbine by D. P. Weidhuner, 
Chief, Power Section, Hq, USAMC, Washington, D.C. (Paper No. 
66-GT-91 

(1) This paper presented the U. S. Army program for advancing 
small gas turbine technology and the benefits to be gained from the program. 



3. a» Military Potential of the Small Gas Turbine (cont'd) 

Mr  Weidhuner pointed out the performance, weight and volume, and reliability 
requirements which are being developed in the component technology program. 
The characteristics which are sought are:  (a) Decreased fuel consumption, 
(b) Reduced sise and weight, especially for VTOL aircraft, (c) High component 
life and reliability, (d) Engine cost musu be significantly improved over 
current turbine engines. 

(2) The current state of the programs in the compressor, 
turbine, and regenerator areas were reviewed as well as the demonstrator 
engine programs involving the T53 and T63 engines. Mr, Weidhuner mentioned 
the ATAC regenerative turbine engine for heavy vehicles. The family of 
industrial engines was discussed. The 20 HP engine award has not yet been 
made while the 60-90-120 HP engine is in development at Continental. The 
200 - 300 HP engine is being developed by AiResearch Division of Garrett 
Corporation and will be available with or without a recur^ro+or. All of these 
engines are to be designed with a fixed shaft. The paper concluded with the 
benefits which would accrue to the Army from these various programs and a 
statement of the Army's keen interest in gas turbines, 

(3) The paper was well received by both the American and European 
engineers present. A series of questions concerning the paper in the areas of 
R&D funding, overhaul times, cost of overhaul and the use of the small gas 
turbine in fixed wing aircraft were dealt with by Mr. Weidhuner in an extremely 
competent manner. 

...  fe,. - Wfa^tfaer-Qo-tfae- Small; G&S Turbines? "by Dr". W. T."" Von~de~Muell. 
The Garrett Corporation, Los Angeles, Calif (Paper No. 66-GT-90) 

Dr. Von der Nuell reviewed the present use of small gas turbines 
in aircraft, APU, GP0, and starter systems and other conventional applications 
with a great deal of perception, He discussed the inherent problems, such as 
high fuel consumption, materials selection to resist corrosion and fouling, and 
the efforts to move ahead by increasing component efficiency, increasing 
pressure ratios, using higher gas temperatures and improving part load fuel 
consumption. He described the relative merits of the Turbomeca Astazou X, the 
Pratt & Whitney PT6(T7M and the Garrett FPE-33(T76). He predicted that costs 
would get down to 4>30/HP eventually. The multispool gas turbine with inter- 
cooling and successive heat addition between stages appears to offer the best 
solution to increase the pressure ratio, permit exhaust heat recovery, and 
arrive at a good part load fuel economy without, at the same time, .^oing to 
higher (above 2200° F) turbine temperatures. He also discussed the problems 
of air filtration, materials and investment casting techniques. In summary. 
Dr. Von der Nuell predicted that the marked for small gas turbines would grow 
but not as rapidly as some would like. 

c. Problems related to the Development of a Gas Turbine in the 10- 
30, HP Class by Ulrich Oprecht, Heat, Turbomachines Department, 
Adolph Saurer, Ltd., Arbon, Switzerland (Paper No, Cwl-GT-87) 

Dr, Oprecht reviewed the inherent problems in designing a shaft- 
power ga.; turbine in the 10-30 HP class and discussed his design philosophy. 
The GT-15 uesign, with a calculated efficiency at 12$, consists of a radial 



3. c. Problems related to the Development of a Gas Turbine in the 10- 
30 HP Class'(cont'd! 

turbine. This combustor configuration limits the thermal loading to con- 
servative values. The fuel is admitted through the center of the high speed 
rotor shaft where it is thrown centrifugally into the combustion chamber. 
The turbine wheel is overhung and the supporting bearings are fuel cooled. 
The development was highlighted by a bad shaft bending vibration problem which 
caused seizures prior to the attainment of full speed (55,000 RPM). After a 
computer solution, the problem was cured by supporting the inner ball bearing 
in a built-in squeeze film damped suspension, balancing the rotor according 
to the second bending critical shape and stiffening the bearing at the in- 
take end of the compressor. The dry engine weight is only 22 lbs. Evaluation 
tests were accomplished which included hand starting at —Uo° C on JP1, JPU, 
and a German winter diesel fuel. Mass flow was 0.1+5 lb/sec with a fuel 
consumption of 26 lb/hr. The pressure ratio was 3:1, 

d• The Energy Exchanger A New Concept for High Efficiency Gas 
Turbine Cycles by R, C. Weatherston and A, Hertzberg 
(Paper No. 66-GT-117) 

This paper presents a method of circumventing the turbine in- 
let temperature limitation of present day gas turbines. The method is based 
on a direct fluid to fluid energy exchanger whereby the available energy of 
expansion of the hot combustion gas in a gas turbine cycle is transferred 
directly to a colder gas. The paper investigates several possible modes of 
operation for aerodynamic wave processes to determine the inherent limitation 
in efficiency of direct fluid, to fluid energy exchange processes. It was 
shown that, by using a system of isentropic compression waves to avoid shock 
losses and by carefully choosing the molecular weights of the fluids utilized 
in the energy exchanger, perfect energy exchange is possible in principle. 
When allowances are made for losses due to mixing, leakage, and viscous 
effects, an energy exchanger utilizing heated combustion air at 3^20 F to 
drive steam at 1500 F with a potential energy exchange efficiency of &5%  is 
feasible, Application of the air-steam energy exchanges operating in gas 
turbine cycles utilizing a conservation choice of component efficiencies 
indicate that thermal efficiencies of gas turbine power cycles of 50 - 60%  may 
be possible, 

e. Small Gas Turbines in Industrial Applications by Paul A. Pitt, 
Vice President, Engineering und Research, Solar, San Diego, 
Calif, (Paper No. 66-0T-110) 

(1) Mr, Pitt covered the present uses of gas turbines in the 
size range of 200 to l600 HP in the application areas of natural gas pipeline 
compressors, liquid pipeline pumps, electric power generation, and oil well 
servicing. The economics and characteristics of the small gas turbine to 



3. e. Small Gas Turbines in Industrial Applications (cont'd) 

include a discussion of durability, low fuel consumption, low maintenance, 
and good reliability were covered.  In the area of reducing production costs, 
the future outlook is that the first cost of a turbine might be halved. He 
predicted that with new alloys, e.g., vacuum cast nickel-base alloys, turbine 
blades need not be cooled in order to raise turbine inlet temperatures. As 
an example, in long-life turbines which require stress to rupture 
times of over 100,000 hours in critical hot parts, there is a possibility 
of increasing turbine inlet temperatures from 1500 F to 1700 F. Additional 
information is needed on the corrosion, erosion, and age hardening 
characteristics of these alloys, 

(2) In conclusion, Mr. Pitt stated that the primary reason 
for the gas turbine's ability to compete is not a high thermal efficiency 
but the virtues of lower first cost, installation cost and operating cost. 
The adaptability of the small gas turbine to a wide variety of applications 
is a major factor in attaining a level of production necessary to achieve 
competitive first cost. The future development of small gas turbines will 
be concerned with lowering cost and improving performance. 

f. The Split Compressor Differential Gas Turbine Engine for 
Vehicle Propulsion by G. N. Doyle, Clarke, Chapmen & Co., Ltd, 
Gateshead, Durham, England; and T. S, Wilkinson, C.A. Parsons 
& Co., Ltd, Newcastle-upon-Tyne, England 

The authors discussed a gas turbine which has a low pressure 
(LP) compressor connected to a high pressure (HP) compressor by an epicyclic 
differential gear. The HP compressor and the power turbine are on the 
same shaft. The engine output shaft is one element of the epicyclic gear. 
When this arrangement is coupled with a heat exchange r, the overall predicted 
performance would yield a stall torque ratio of 1+:1 ab a turbine inlet 
temperature of 1170 deg K, The engine, abreviated SCDGT, would also appear 
to be competitive in cost to the free power turbine (FPT) since the cost of 
the LP compressor is balanced by the elimination of the gearbox. The 
SCDGT is also shown to be superior to the FPT in handling characteristics. 
Fuel consumption, engine braking, acceleration and starting characteristics 
were considered and discussed. Acceleration and ease of starting are better 
in the SCDGT than the FPT„ The paper drew many differing comments from the 
audience and the concept was, in fact, attacked as economically infeasible. 
The authors, with the aid of Dr. W. Hryniszak, produced logical reasons for 
their claims of feasibility. 



g. The Design and Development of the Orenda OT-k  Gas Turbine 
by D. Quan, Chief Project Engineer, Orenda, Division of Hawker 
Siddeley Canada, Ltd., Toronto (Paper No. 66-GT/M-23 

(1) Mr, Quan initially covered the inherent advantages of the 
gas turbine as: compactness, low weight, low magnetic signature, low 
noise level, reliability, ease of starting and maintenance, and the multi- 
fuel capability, The objective of the development program was to retain 
the advantages as well as to obtain a 600 IIP engine with a s.f.c. of 0.1+0 lb 
of fuel per bhp hr. This is equivalent to a thermal efficiency of 3^,6%. 
A variant of the OT-i» known as the AGT-600 is being specifically developed 
for the US Army. The 0T-J+ is a simple regenerative cycle, two shaft turbine 
with a pressure ratio near k„    The lower pressure ratio permits fewer com- 
pressor stages (6) and greater blade lengths, which helps to achieve better 
compressor efficiency. The compressor rotates at 26,800 RPM. There were 
k  major development problems with the 0T-1*. They were poor heat exchanger 
effectiveness, low turbine efficiencies, high ducting pressure losses and 
high mechanical losses. The causes of each of these h  problems were dis- 
covered and appropriate changes made. As an example, the original cross 
flow heat exchangers were changed to counter flow heat exchangers which 
resulted in a heat exchanger thermal effectiveness of 86.5$ versus 75$ in the 
original. The AGT-600 engine is a modified OT-U. The 600 is wider 
(1*5 1/2 vs 39 in) and the output speed is 3600 RPM instead of 6000 RPM. 
The heat exchanger core volume is also smaller with a slight compromise on 
fuel consumption„ 

(2) Mr. Quan's comments on the program were: 

(a) The two engines and the gas producer test unit in the 
initial development program were not sufficient to achieve a satisfactory 
rate of progress, 

(b) The design and development time cycle for an advanced 
non-flying gas turbine is about the same as that of an aircraft ga? turbine 
and is also a function of the turbine inlet temperature levels. 

(c) Adequate tooling should be used to insure proper 
aerodynamic shapes and aerodynamic cleanliness of air passages. 

(d) Regenemtive engines create additional problems due to 
the thermal distortions and stresses over non-regenerative engines. 

(e) Common sense is required to eliminate instrumentation 
requirements during testing as soon as practicable. 



g» The Design and Development of the Orenda OT-1» Gas Turbine (cont'd) 

(3) The 0T-1+ has a great deal of growth potential. By adding 
one zero stage, an output of 750 HP can be reached and 900 HP can be obtained 
by adding two stages. With the development of higher temperature alleys, 
an increase of 150 deg F in turbine inlet temperature would result in about 
15# increase in power. Thus, a 900 HP engine could produce 1050 HP. 

h. Among the other fire papers,of note were several which were 
pertinent; 

The Development of a Glass-ceramic Axial-Flow Rotary Regenerator 
by J. G, Lanning and D. J. S. Wardale.  (Paper No. 66-GT-107) 

This paper covered the work done at Cercor Products Dept. of 
Corning Glass on the inexpensive glass-ceramic rotary regenerator. The 
paper lists the design objectives and properties. 

Thrust Augmentation by Dr. W, H. Heiser, Dept. of Mech. Engr's, 
MIT (Paper No. 66-GT-116) 

This paper analyzes from the theoretical and practical views 
the injection and blade types of thrust augmentation devices. Pr. Heiser 
develops the theory that bladed thrust augmenters more nearly approach the 
ideal augmenter and hence srould be the object of additional research. 
Dr. Heiser was most impress!re in his presentation and handled the questions 
nicely. 

Special Fluid Power Plants by W, Hrymisok, M. Hutchinson, and 
A. Renton of Clarice, Chapman and Co., Ltd., Gateshean-upon Iyne, 
England (Paper No, 66-GT-8U) 

The authors claim that the shortcomings of the cycles used in 
the production of power from the energy stored in a fuel are not the fault 
of the prime mover but are the results of defects in the thermodynamic 
properties of the working fluid. Investigations were made with fluids, 
other than air and water, such as trichlo^omonofluoromethane, and the effects 
on cycle efficiency and components performing in the cycle were considered. 
The results demonstrated that, for application in the Rankine cycle, special 
fluids do exist which would be used as the working medium. 



k.    CONCLUSION: 

Almost all of the technical papers were pertinent to the U. S. 
Army area of interest. The intent in this report is to review those 
which were especially interesting. The exclusion of other papers does 
not imply that they were unimportant. 

The conference was well attended by European engineers and 
scientists. The presence in Europe, for a brief time, of some of the 
top leaders in the gas turbine industry was certainly stimulating. The 
degree of participation by European scientists and engineers in the 
technical discussions was excellent. The incisiveness of their comments 
on the technical content of papers came as a surprise to many American 
authors. 

/TOM H. BRAIN 
Major, GS 
Executive Officer 

Distribution 

2 - OCRD-IP 
2 - ARO-W Physical Sciences Div, 
2 - ARO-D 
2 - Power Sect, AMC, R&D Directorate 
2 - USAERDL, Engine Lab 
2 - ATAC, Propulsion Lab 
2 - USA AMC 
2 - ONR-London 
2 - EOAR - Brussels 
20 - DDC 



List of Technical Papers Presented 
at the ASME Hth Annual Gas Turbine Conference 

Zurich, Switzerland, 13 - 17 March 196b 

1. Large Gas Turbines 

a. 100,000 Hours With Gas Turbines/ Paper No. 66-GT-88 
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b. Long Life Base Load Service at l600° F Turbine Inlet Temperature/ 
Paper No, 66-GT-98 - Neal E. Starkey 

c. 10,000,000 Hours of Gas Turbine Operation/ Paper No. 66-GT-109 
George R. Kennedy 
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With Blast Furnace Gas/ Paper No. 66-GT-97 
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66-GT-100 - 0. H, Pfersdorff 
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Utilities/ Paper No. 66-GT-103 
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P. Chambadal 

h. Some Large Gas Turbine Development in the U.K. - Past, Present, 
and Future/ Paper No. 66-GT-108 - W. Rizk 

2. Marine 

a. The Marine Gas Turbine - 1965 Status/ Paper No. 66-GT/M-26 
John W. Sawyer 

b. Gas Turbines in the Royal Navy/ Paper No. 66-GT/M-25 
Norman K, Bowers 

c. U, S. Navy's Marine Gas Turbines/ Paper No. 66-GT/M-2Ö 
Gilman L. Graves; Maurice R. Hauschildt, William A. Brockett, 
John W. Sawyer 
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2, Marine(cont'd) 

d. Gas Turbine Installation Design for Naval Ships/ Paper No. 
66-GT/M-3U - E„ B. Good 

e. A Swedish All Gas Turbine Torpedo Boat with Controllable Pitch 
Propellers/ Paper No. 66-GT/M-30 - Hans G. Hafstrom 

f. Gas Turbine Engines in the Royal Canadian Navy Pro! rtype Hydro- 
foil Vessel/ Paper No. 66-GT/M-2U - Stanley E. Hopkins 

g. Marine Gas Turbine Growth in the U. S. Coast Guard/ Paper No, 
66-GT/M-36 - Robert C. Case 

h. Design and Development of the Orenda OT-1» Gas Turbine/ Paper 
No. 66-GT/M-23 - D. Quan 

i. Development of the General Electric LM1500 Gas Turbine as a Marine 
 Power Plant/ Paper Ho. 66-GT/M-?? - ?."FO"° T;

-. atoacJOy-  

j. Marine Developments of the Olympus Engine/ Paper No. 66-GT/M-32 
B. H. Slatter 

k. Pratt & Whitney Aircraft Marine Gas Turbines, Their Development and 
Capabilities/ Paper No. 66-GT/M-35 - G. H. Nolte 

1. The Influence of Current Research and Development on the Application 
of the Open Cycle Gas Turbine as a Propulsion Unit, for Merchant 
Ships/ Paper No. 66-GT/M-33 - R. W. Stuart Mitchell 

m„ CODAG Propulsion Machinery by Stal-Laval for Royal Danish 
Navy Frigates - Bo R, V. Krumlin 

n„ Design Considerations for Marine Gas Turbine Ducting/ Paper No. 
66-GT/M-27 - William T. Sawyer, William J. Kelnhofer, and Rüssel 
A. Smith 

0. An Axial Flow Reversing Gas Tubrine for Marine Propulsion/ Paper No, 
66-GT/M-21 - Edward A. Butler and Roy P. Allen 

p. The Development of a Marine Version of the United Aircraft of Canada 
PT6 Engine/ Paper No, 66-GT/M-31 - Gordon Hardy 

q, U, S. Navy's Experiences in Power Generation With the Mobile Gas Turbine 
Paper No. 66-GT/M-29 - Conrad R. Odden 
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3. Closed dycle Gas Turbine Systems 

a. Closed-Cycle Turbomachinery - Abstract/ Paper No. 66-GT/CLC-13 - 
Beno Sternlicht 

b. The Closed-Cycle Gas Turbine for Non-Conventional Applications 
Paper No, 66-GT/CLC-8 - Werner Spillman 

c. The Compact AK Process Nuclear System/Paper No. 66-GT/CLC-6 - 
Winfred M, Crim, Jr., John R. Hoffmann, and George B, Manni- ■*, 

d. The Application of Closed Cycle Gas Turbine System Technology to 
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e. Turbo Machinery Design Analysis of a 500 KW Closed Brayton Cycle 
Power System/ Paper No, 66-GT/CLC-15 - V. J. Smith, Winfred M. 
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f. The Closed Brayton Cycle for Space Power - An Assessment 
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Jack Smith, Donald C. Strimbeck, and Jam?s P. McGee 

j„ The Prospects for Nuclear Reactor MHD Commercial Power Production/ 
Paper No, 66-GT/CLC-2 - Lawrence A, Booth 
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1. Two-Phase Materials Attrition Problems for Rankine Cycle Liquid 
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Design/ Paper No, 66-GT-106 - Claude Seippel 
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66-GT-83 - Meherwan P„ Boyce 

do Thrust Augmentation/ Paper No. 66-GT-116 - William H. Heiser 

e-, On a Wave Phenomenon in Turbines/ Paper No« 6&-GT-99 - Jerzy A. 
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f» Perspectives for the Liquid Phase Compression Gas Turbine/ Paper 
No, 66-GT-lll - Gianfranco Angelino 

g. The Fundamentals of a New Screw Engine/ Paper No. 66-GT-bw - 
Alf Lysholm 

he The Energy Exchanger, a New Concept for High Efficiency Gas Turbine 
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Hertzberg 
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M. Hutchinson, and Alexander Renton 
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